ABSTRACT The cross-sectional relationship of endogenous androgens (testosterone, androstenedione, and dehydroepiandrosterone sulfate [DHEA-S]), estrogen (estradiol) and progestin (progesterone) to serum levels of lipoprotein cholesterol (very low-density [VLDL], low-density [LDL], and high-density lipoprotein [HDL]) and apolipoproteins (apo A-I and apo B) were studied in white (n 251) and black (n = 258) adolescent boys, ages 1 1 to 17 years, as part of the Bogalusa Heart Study. Black boys had significantly higher levels of estradiol, HDL cholesterol, and apo A-I, and lower levels of androstenedione and VLDL cholesterol than white boys, independent of age and adiposity. Age was correlated strongly with testosterone and androstenedione, and moderately with DHEA-S and estradiol levels in both races. However, only in white boys was age consistently related to VLDL cholesterol (positively), HDL cholesterol (negatively), and apo A-I (negatively). Overall, testosterone was associated inversely with HDL cholesterol and apo A-I in white boys. while progesterone was related positively to apo A-I in both races after adjusting for age and adiposity. However, these relationships were found to differ with age. Partial correlations between levels of sex hormones and lipoproteins adjusted for age and adiposity showed no associations in the 11 to 12 year age group in boys of either race. A significant positive relation of testosterone to VLD, 2holesterol, and inverse relations of testosterone to HDL cholesterol and apo A-I and DHEA-S to HDL cholesterol were apparent only in white boys in the 13 to 14 year age group. Among the older subjects (15 to 17 years old), the relationships of testosterone to HDL cholesterol and androstenedione to apo A-I were positive only in black boys. In addition, a significant positive association between progesterone and apo A-I was noted for both races among boys in the older age group. That the sex hormone-lipoprotein associations vary among different age groups suggests the influence of sexual maturation-related hormonal makeup on lipoproteins. Inherent metabolic differences between the races may account for some of the divergent sex hormone-lipoprotein associations. Circulation 74, No. 6, 1226 -1234 THE INFLUENCE of sex hormones on serum lipid and lipoprotein levels is well known and is considered potentially associated with risk of development of coronary heart disease (CHD).`'2 The incidence of CHD is higher in men than in premenopausal women.3 
Women with normal ovarian function have lower levels of very low (VLDL) and low-density lipoproteins (LDL) and higher levels of high-density lipoproteins (HDL) than men, factors considered to be protective against CHD.4 Furthermore, it has been suggested that the relatively greater protection of black compared with white men from CHD is due partly to their higher HDL levels. 5 However, it is not known whether levels of sex hormones have any role in determining the racerelated differences in lipoproteins.
Profound changes in lipoproteins occur in children during sexual maturation before adult patterns are established.6 ' Both black and white girls have higher levels of VLDL and LDL cholesterol as compared with boys before sexual maturation. During sexual matura-CIRCULATION tion, levels of HDL and LDL cholesterol decrease in both races, but the decrease in HDL cholesterol is much greater in white boys. Recent studies in children demonstrate that endogenous sex hormones relate to lipoprotein levels,°10 and may account for the sexrelated divergence of lipoprotein profiles after puberty. 10 However, the question arises whether the relation of levels of endogenous sex hormones to those of lipoproteins is the same in both races.
The purpose of this report is to evaluate the relation of endogenous androgens (testosterone, androstenedione, and dehydroepiandrosterone sulfate [DHEA-S]), estrogen (estradiol), and progestin (progesterone) to serum levels of lipoprotein cholesterol (VLDL, LDL, and HDL) and apolipoproteins (apo A-I and apo B) in black and white adolescent boys living under similar environmental conditions.
Materials and methods
Population. The Bogalusa Heart Study is a long-term, population-based study of cardiovascular disease risk factors from birth through 26 years of age in the biracial community (64% white, 36% black), Bogalusa, LA.'1 Data collected from the fourth cross-sectional examination (1981) (1982) of school-age children (n = 3314, 80% participation) were used in the current analyses. All analyses were restricted to boys between the ages of 11 and 17 years. To assess the relationship between levels of sex hormones and serum lipoproteins during adolescence, a random sample of whites was selected to provide approximately equal numbers of blacks (n = 258) and whites (n = 251) in this age group. These samples represent 48% (white) and 90% (black) of all boys in this age range who were examined.
Assessment of sexual maturation. by an electroimmunoassay procedure. Antibodies to LDL (d 1.03 to 1.05 g/ml) and apo A-I raised in goats were used. This method, including measurement errors, has been described elsewhere in detail. 15 The laboratory is participating in the apo A-I and apo B standardization program of the International Union of Immunological Societies-CDC--NHLBI. Testosterone, progesterone, and DHEA-S were quantitated with commercial RIA kits prepared by Immuchem Corp., Diagnostic Products, and Radio Assay System Laboratories, Inc., respectively. The levels of androstenedione were deternined by the RIA method. 17 The antiserum had moderate cross-reaction with 5-a-androstenedione, which has no significant serum levels and very low cross-reaction with DHEA, and generally less than 1% affinity for all related steroids.
The laboratory participates in the endocrinology and metabolism quality-control program administered by the American Association of Clinical Chemistry. As in our previous study,'0 samples were analyzed in duplicate along with commercial lowand high-level quality-control samples. Overall measurement errors from these quality-control samples varied from 6% to 13%.
Statistical analyses. Since several of the sex hormone and lipoprotein distributions were positively skewed, nonparametric tests were used in several analyses. Racial differences in levels of the sex hormones and lipoproteins were assessed by Wilcoxon tests'8 or analysis of covariance, adjusting for age and subscapular skinfold thickness. Because levels of several of the sex hormones and serum lipoproteins differed between the races, subsequent analyses were performed separately for black and white boys.
Spearman correlations were used to examine the relationships of age, subscapular skinfold thickness, and ponderal index to levels of sex hormones. Within each race, associations between the serum lipoproteins and sex hormones were then examined with the use of correlation coefficients. Partial correlations were also calculated to assess whether the observed associations existed independently of age and subscapular skinfold thickness.
Polynomial regression models,'9 containing both linear and quadratic terms, were also used to evaluate the relationships between the sex hormones and serum lipoproteins. Because of the nonlinearity of certain relationships, several of the sex hormone-serum lipoprotein associations were further examined within age groups.
Results
Sexual maturation and age. Breakdown of the study population by Tanner ships of sex hormones to age and measures of obesity by race are shown in table 2. In both races age was strongly correlated with testosterone and androstenedione levels during puberty; correlations were moderate for DHEA-S and estradiol, and low for progesterone. In both races, DHEA-S was significantly associated with both subscapular skinfold and ponderal index. Testosterone, androstenedione, and estradiol levels correlated significantly with subscapular skinfold in black boys only. Subscapular skinfold thickness was more consistently related to levels of sex hormones than was ponderal index. Therefore, covariance adjustments were made for age and subscapular skinfold.
Mean levels of study variables. Table 3 lists race-specific mean (and SD) values for study variables in the 11-to 17-year-old boys. Age, subscapular skinfold thickness, and ponderal index did not differ significantly between the races. Black boys had significantly higher estradiol (p < .01) and lower androstenedione (p < .05) levels than white boys. Testosterone, progesterone, and DHEA-S values did not differ significantly between the two groups. As noted in previous studies,6 14, 15 black children had lower VLDL cholesterol and higher levels of both HDL cholesterol and apo A-I than white children (p < .001) for each difference). The black-white differences in serum variables remained significant after adjusting for the confounding covariates of age and adiposity (subscapular skinfold thickness). (Adjusting for ponderal index gave essentially the same results as did adjusting for subscapular skinfold thickness.)
Mean levels by age. Mean levels of selected variables (serum testosterone, VLDL cholesterol, HDL cholesterol, and apo A-I) by age and race are shown in figure 1. Testosterone level was positively associated with age in both white and black boys. Age was also strongly related to VLDL cholesterol (positively), HDL converted to androstenedione and to biologically active testosterone, and DHEA-S can produce androgenic effects in males.23 Therefore, sex hormone-lipoprotein relationships during puberty may depend on the levels and metabolic interrelationships of gonadal and adrenal sex steroids. The present study demonstrates both similarities and differences in the levels of certain endogenous sex hormones and their relation to serum lipoproteins among white and black adolescent boys. Black boys consistently had higher estradiol and lower androstenedione levels than white boys, while the levels of testosterone, DHEA-S, and progesterone were similar in the races. In general it appears that androgens (testosterone, DHEA-S, and androstenedione) have diver- gent influences on levels of VLDL and HDL in white and black adolescent boys, while progestin (progesterone) has a similar effect on HDL in both races. These cross-sectional observations are derived from an entire population of free-living children, and therefore should reasonably reflect the influence of endogenous sex hormones on lipoproteins in these racial groups.
Exogenous androgens are known to decrease HDL and VLDL levels.2,'24 The spurt of endogenous testosterone and DHEA-S during progression of puberty seems to exert a similar effect of HDL (cholesterol and apo A-I) in white boys 13 to 14 years old. 27 We have previously shown that in pubertal girls endogenous estradiol correlates positively with HDL and negatively with VLDL level. The possibility that higher estradiol levels in blacks (vs whites) dampen the effect of the testosterone spurt on lipoproteins during progression of sexual maturation remains speculative but suggests that a teleologic basis for these hormonal differences be considered.
Biochemical mechanisms involved in sex hormonelipoprotein relationships during sexual maturation are virtually unknown. The male-female differences in VLDL and HDL levels, with premenopausal women having lower VLDL and higher HDL than men, are attributed to an estrogen-induced stimulation of lipoprotein lipase and an efficient VLDL catabolism. 32 Furthermore, the increased level of HDL in women (vs men) is considered to be due to an estrogen-related 1232 CIRCULATION increase in the apo A-I synthetic rate33 and a decrease in hepatic lipase.34 This implies that the decreased level of HDL in men may be due to an androgen-related decrease in apo A-I synthesis and an increase in hepatic lipase. Thus, in vivo, high levels of testosterone may promote low HDL, while high estradiol may favor low VLDL and high HDL. It should be noted that black boys who had similar levels of testosterone but increased levels of estradiol also had increased levels of HDL cholesterol and apo A-I and lower VLDL cholesterol than white boys. Furthermore, the racerelated differences became pronounced during puberty. Although estradiol did not relate directly to lipoproteins, it may modulate the biologic activities of other sex hormones. With respect to progesterone, the metabolic basis for the surprising positive association between this antiestrogenic hormone and HDL (apo A-I) in both races is not clear.
A relationship between sex hormones, carbohydrate tolerance, obesity, and lipid metabolism has been suggested.9 35 However, the observed sex hormone-lipoprotein relationships appear to be independent of adiposity. It is likely that the effects of biologic determinants on lipoproteins vary between races due to inherent metabolic differences. For example, our earlier studies have shown that the association of adiposity with lipoprotein levels was most apparent in white boys and least evident in black boys, even at comparable levels of adiposity.36 Furthermore, with respect to measures of carbohydrate tolerance, black children showed significantly lower fasting plasma glucose levels and higher postglucose plasma insulin levels, insulin/glucose ratios, and insulin/free fatty acid ratios than white children, independent of obesity. 37 38 Alternatively, the divergence between the two racial groups may be related to differences in diet and physical activity. In the Bogalusa Heart Study, macronutrient intake of 10-year-olds was examined four times over the decade (1973 to 1982) , including during the present cross-sectional study, and the results showed no significant differences between the races.39 Furthermore, longitudinal comparisons of a cohort of Bogalusa children examined at both 10 and 13 years showed no racial difference in intakes of fat and fatty acids. 40 Glueck et al. 4 `have concluded that, overall, blackwhite differences in dietary intake and physical activity could not account for any race-related differences in HDL cholesterol levels observed in children and adults.
Current observations in black and white adolescent boys have implications with respect to the cause of coronary heart disease. The divergent metabolic interVol. 74, No. 6, December 1986 relationships in a common acculturated environment may be crucial for determining the atherogenic profile noted in white vs black adolescent boys.
